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Abstract
Purpose  Pemetrexed is a chemotherapeutic drug in the treatment of non-small cell lung cancer and mesothelioma. Optimized 
dosing of pemetrexed based on renal function instead of body surface area (BSA) is hypothesized to reduce pharmacoki-
netic variability in systemic exposure and could therefore improve treatment outcomes. The aim of this study is to compare 
optimized dosing to standard BSA-based dosing.
Methods  A multicenter randomized (1:1) controlled trial was performed to assess superiority of optimized dosing versus 
BSA-based dosing in patients who were eligible for pemetrexed-based chemotherapy. The individual exposure to pemetrexed 
in terms of area under the concentration–time curve (AUC) was determined. The fraction of patients attaining to a predefined 
typical target AUC (164 mg × h/L ± 25%) was calculated.
Results  A total of 81 patients were included. Target attainment was not statistically significant different between both arms 
(89% vs. 84% (p = 0.505)). The AUC of pemetrexed was similar between the optimized dosing arm (n = 37) and the standard 
of care arm (n = 44) (155 mg × h/L vs 160 mg × h/L (p = 0.436).
Conclusion  We could not show superiority of optimized dosing of pemetrexed in patients with an adequate renal function 
does not show added value on the attainment of a pharmacokinetic endpoint, safety, nor QoL compared to standard of care 
dosing.
Clinical trial number  Clinicaltrials.gov identifier: NCT03655821

Keywords  Non-small cell lung cancer · Pemetrexed · Precision dosing · Estimated glomerular filtration rate · 
Pharmacokinetics

Introduction

The multi-targeted antifolate pemetrexed is a cytostatic 
agent and frequently used in the treatment of non-small cell 
lung cancer (NSCLC), mesothelioma and thymoma. Pem-
etrexed is administered in a dosing regimen of 500 mg/m2 
intravenously every three weeks (Q3W), either alone or in 
combination with a platinum agent and/or pembrolizumab 

[1–3]. Pemetrexed is a hydrophilic drug, and approximately 
81% bound to plasma proteins. The kidneys mainly facili-
tate the elimination of pemetrexed; within 24 h 70–90% of 
the drug is excreted (both as passive filtration and active 
secretion) in urine as the unchanged drug [4]. Moreover, it 
was found that renal function has a pivotal contribution to 
the total clearance and thus systemic exposure (in terms of 
the area under the concentration-time curve (AUC) [5, 6]. 
Both the efficacy and toxicity of treatment with pemetrexed 
have been related to the systemic exposure [4, 6, 7]. As the 
risk of severe hematological toxicities increases with renal 
impairment, treatment with pemetrexed is contra-indicated 
in patients with a creatinine clearance < 45 mL/min [4, 6]. 
Since the conventional body surface area (BSA)-based dos-
ing does not take into account renal function, patients are 

Nikki de Rouw and René J. Boosman contributed equally to this 
manuscript.

 *	 René J. Boosman 
	 r.boosman@nki.nl

Extended author information available on the last page of the article

http://orcid.org/0000-0002-6399-2604
http://crossmark.crossref.org/dialog/?doi=10.1007/s00280-022-04489-1&domain=pdf


34	 Cancer Chemotherapy and Pharmacology (2023) 91:33–42

1 3

potentially at increased risk for toxic or sub-therapeutic 
exposure when applied at the same dose over the full range 
of creatinine clearances of > 45 mL/min. In the approved 
dose of 500 mg/m2, unwanted high systemic exposure due to 
pharmacokinetic variability has been linked to an increase in 
hematological toxicities [7]. Furthermore, it has been proven 
that impaired renal function is a risk factor for pemetrexed-
induced pancytopenia [8]. In terms of efficacy, it was shown 
that administration of pemetrexed in patients with creatinine 
clearance > 60 mL/min resulted in poorer efficacy outcomes 
than in patients with creatinine clearance between 45 and 
60 mL/min [9]. To overcome this high variability in expo-
sure to pemetrexed, a dosing strategy based on renal function 
has been proposed repeatedly [6, 10]. Using a simulation, 
Latz et al. hypothesized that with a renal function-based dos-
ing strategy, > 90% of patients would reach a desired tar-
get AUC of 164 mg × h/L ± 25%, while BSA-based dosing 
would result in < 75% attainment. Moreover, Visser et al. 
showed that dosing based on renal function results in less 
variability in exposure and thus possibly less expected toxic-
ity [10]. Thus far, this strategy has never been evaluated in 
a randomized clinical trial. Therefore, the aim of this study 
was to prospectively investigate dosing of pemetrexed based 
on renal function.

Materials and methods

Study design and patients

The IMPROVE-II study was a multicenter, open label, ran-
domized (1:1) phase II trial designed to compare optimized 
renal function-based dosing versus standard of care (BSA-
based) dosing of pemetrexed on therapeutic pharmacokinetic 
target attainment.

The study was approved by the medical ethics commit-
tee (Commissie Mensgebonden Onderzoek Regio Arnhem 
Nijmegen, Nijmegen, The Netherlands, (file number: 2018-
4442, Clinicaltrials.gov identifier: NCT03655821)) and 
written informed consent was obtained for all study partici-
pants. All patients with an indication for pemetrexed-based 
treatment and a predicted creatinine clearance > 45 mL/min 
(as assessed with the Cockcroft–Gault equation [11]) were 
eligible to participate in the study. Exclusion criteria were: 
creatinine-influencing factors (such as obesity (defined as 
a body mass index (BMI) > 40 kg/m2, limb amputation or 
use of cimetidine or trimethoprim) and hemostatic problems 
complicating blood sampling procedures. At baseline, the 
following patient demographics and characteristics were 

collected: age, sex, ethnicity (to calculate estimated glo-
merular filtration rate (eGFR)), weight, height, treatment 
indication, disease stage, combination therapy, and serum 
creatinine. The total study period was 12 weeks or four treat-
ment cycles.

Study objectives and endpoints

The primary objective of this study was to assess whether 
the optimized dosing of pemetrexed in patients based on 
renal function led to a higher proportion of patients attaining 
to a pharmacokinetic target than when patients were dosed 
on BSA. For exploratory purposes, we performed a post hoc 
subgroup analysis, dividing the patients in each treatment 
group into two groups based on the median value of creati-
nine clearance in the study population.

Secondary objectives included the incidence of hemato-
logical adverse events, the incidence of toxicity-related dose 
reductions, treatment delays (defined as > 3 days delay) and 
treatment discontinuation, and the patients' quality of life 
during study participation.

Justification of the pharmacokinetic target

A pharmacokinetic target was chosen based on several con-
siderations. First, pemetrexed can be administered in dif-
ferent treatment modalities. Besides monotherapy, doublet 
or triple therapy with platinum agents and/or programmed 
death protein 1 (PD-1) immunotherapy are all applied. This 
not only leads to a wide variety of possible treatment sched-
ules, but possibly also to a partial overlap in efficacy and 
toxicity, complicating the identification of individual effects 
of pemetrexed. Secondly, the patient group receiving pem-
etrexed is heterogeneous. Treatment indication, disease stage 
and treatment line are all highly variable within the treated 
population. As large numbers of patients would be required, 
a study based on response measures was not considered fea-
sible. Since pemetrexed exposure has been shown to be a 
good predictor for efficacy and safety [7], a pharmacokinetic 
endpoint is the most sensitive and unbiased endpoint for a 
dose individualization study.

An AUC of 164 mg × h/L was previously shown to be a 
safe and effective target [7]. In addition, it was shown that a 
large proportion of patients (> 90%) receiving pemetrexed in 
a dose based on their estimated renal function would reach 
within 75–125% of this target, while less than three-quarter 
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of patients receiving a dose based on BSA would fall within 
this target AUC range [6, 7].

Safety

The occurrence of grade II and grade III/IV anemia, leuko-
penia, neutropenia, and thrombocytopenia (Common Ter-
minology Criteria for Adverse Events (CTCAE v5.0)) were 
investigated.

Quality of life

The incidence of dose delays and dose reductions was 
assessed, as these relate directly to toxicity. Moreover, two 
validated quality of life questionnaires (the general EORTC 
QLQ-C30 and the lung cancer-specific EORTC LC13) were 
taken and scored at baseline and 12 weeks after study treat-
ment initiation [12].

Treatment

In line with the product label, pemetrexed and concomitant 
chemo-and/or immunotherapy were administered intrave-
nously in a 21-day treatment cycle. The infusion duration of 
pemetrexed was approximately ten minutes. Patients in the 
standard of care arm received pemetrexed in the approved 
dose of 500 mg/m2. The optimized renal function-based dose 
was derived from the previously established and validated 
relationship between creatinine clearance (assessed with the 
Cockcroft–Gault equation) and pemetrexed clearance [13]. 
Since, dose = AUC × clearance, the dose was calculated with 
the following equation:

Every cycle, the optimized dose was recalculated based 
on the most recent creatinine clearance. Concomitant 
(chemo)-immunotherapy and co-medications were admin-
istered following standard local treatment protocols.

Randomization

Patients were randomly assigned to either the optimized 
dosing arm or standard of care arm in a 1:1 ratio using 

Dose (mg) = 423 + 464
× (creatinine clearance (mL/min) ∕ 92.6).

an automated system with variable block randomization 
(block sizes: 4, 6, 8) (Castor EDC v.14.81).

Pharmacokinetic sampling and bioanalysis

One pharmacokinetic curve was obtained for each patient, 
and individual exposure was determined using a previ-
ously validated limited sampling schedule (four samples 
taken at 0.5–1, 1–2, 4–5 and 6–8 h after the start of pem-
etrexed infusion, allowing for a complete and accurate esti-
mation of the AUC) [14]. Samples were analyzed using 
a validated assay using ultra-high-performance liquid 
chromatography coupled with an ultraviolet detector, as 
published previously [15].

Statistical analysis

Based on Monte Carlo simulations on a validated pharma-
cokinetic model [13], we expected that approximately 60% 
of the patients would reach therapeutic exposure when pem-
etrexed was dosed on BSA compared to 85% of the patients 
when pemetrexed was dosed based on renal function. To 
show the superiority of renal function-based dosing com-
pared to standard of care dosing, assuming an improvement 
of attainment of therapeutic exposure from 60 to 85%, a 
total of 94 patients (47 per treatment arm) were needed to 
be included to reach a power of 80% with a significance 
level of 5% (two-sided). Due to the halted accrual of patients 
during the COVID-19 pandemic, an unplanned interim 
analysis was performed in April 2021 after the inclusion 
of 81 out of 94 patients. Worst- and best-case scenarios for 
the primary outcome were tested to justify pre-term analy-
sis. The best-case scenario was defined as the scenario in 
which all future patients randomized in the optimized dos-
ing arm would attain the target AUC, while all patients in 
the standard-of-care-dosing arm would fall outside this tar-
get. Conversely, the worst-case scenario would represent 
all upcoming patients in the standard-of-care-dosed arm to 
reach target AUC, while optimized dosing would not yield 
in target attainment.

The individual pemetrexed clearance was calculated 
based on the obtained pharmacokinetic data by means of 
Bayesian estimation. A post hoc analysis of the pharma-
cokinetic data on a previously validated pharmacokinetic 
model was performed in NONMEM (version 7.4, Icon, Ire-
land). Subsequently, the individual AUC was calculated by 
dividing the administered pemetrexed dose by the individual 
calculated clearance.
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A subgroup analysis was performed was based on a cre-
atinine clearance < 95 mL/min and ≥ 95 mL/min. Due to the 
limited range in in renal function in the study population, 
the median was chosen as a cut-off value instead of standard 
cut-offs (i.e., 90–60–30 mL/min), to facilitate a balanced 
distribution in the number of subjects in both groups.

As pharmacokinetic parameters often follow a log-normal 
distribution, AUCs per group are presented as geometric 
mean. A Chi-squared test was performed to test for statisti-
cally significant difference (p value < 0.05) in the fraction 
of patients attaining to target between both treatment arms. 
Regarding the subgroup analysis, statistically significant 
differences (p value < 0.05) in AUC were assessed using a 
Mann–Whitney U test. A Chi-square test was performed to 
test for statistically significant difference (p value < 0.05) 
in the fraction of patients that experienced ≥ 1 hematologi-
cal toxicity event between groups. Each subcategory of the 
quality-of-life questionnaire resulted in a score between 0 
and 100 per patient. Median scores are presented as median 
(+ range). Change in quality of life was calculated (end of 
study versus baseline). Results of patients who were not able 
to complete both questionnaires were excluded from the 
dataset. Statistically significant differences (p value < 0.05) 

between the two treatment groups were calculated using a 
Mann–Whitney U test.

All statistical analyses were performed using the R soft-
ware package V4.1.0 [16].

Results

Patient characteristics and pharmacokinetic 
analysis

Between March 2019 and April 2021, a total of 81 patients 
were included in the study, 44 in the standard-of-care arm 
and 37 in the optimized dosing arm. The difference in group 
size was mostly due to a combination of the block randomi-
zation and dropout shortly after randomization (before start 
of cycle treatment 1, due to the vulnerability of the study 
population). Moreover, one patient was accidentally treated 
with a BSA-based dose while randomized in the optimized 
dosing arm, consequently this patient was further evalu-
ated as per given treatment. The baseline characteristics 
were comparable between groups (Table 1). The major-
ity of patients were diagnosed with NSCLC and received 
pemetrexed as a part of the first-line treatment. Presented 

Table 1   Baseline characteristics 
and primary outcome measures 
for the BSA group, renal 
function group and the total 
patient group

Characteristics are presented as median with interquartile range unless otherwise specified
BSA body surface area, NSCLC non-small cell lung cancer

BSA (n = 44) Renal function (n = 37) Total (n = 81)

Diagnosis n (%)
 NSCLC 35 (80%) 27 (73%) 62 (77%)
 Mesothelioma 7 (16%) 9 (24%) 16 (20%)
 Thymoma 2 (5%) 1 (3%) 3 (4%)

First-line treatment n (%) 25 (57%) 21 (54%) 46 (56%)
Age 63 (57–69) 67 (59–72) 65 (58–71)
Gender (n of male (%)) 16 (36%) 22 (59%) 38 (47%)
BSA (m2) 1.87 (1.71–2.00) 1.95 (1.78–2.00) 1.91 (1.75–2.00)
estimated creatinine clearance (mL/min) 99.3 (84.0–118.4) 93.8 (78.7–101.4) 95.2 (83.6–111.7)
CKD-EPI (mL/min/1.73 m2) 94.6 (81.9–100.5) 85.1 (80.1–93.5) 90.1 (80.9–98.9)
Treatment cycles 4 (4–4) 4 (4–4) 4 (4–4)
Pemetrexed dose (mg) per cycle 950 (850–1000) 850 (818–885) 885 (825–975)
Concomitant oncological therapy
 None 8 (18%) 7 (19%) 15 (19%)
 Carboplatin 11 (25%) 12 (32%) 23 (28%)
 Carboplatin + pembrolizumab 18 (41%) 11 (30%) 29 (36%)
 Cisplatin 4 (9%) 5 (14%) 9 (11%)
 Cisplatin + pembrolizumab 3 (7%) 2 (5%) 7 (9%)
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in Table 2 is the target attainment for both groups. The geo-
metric mean AUCs were 159.9 and 154.7 mg × h/L for the 
BSA and the optimized dosing group, respectively. Target 
attainment was not statistically significant different between 
both groups (p = 0.505).

The median creatinine clearance in the study popula-
tion was 95 mL/min, therefore, the subgroup analysis was 
based on a creatinine clearance < 95 mL/min and ≥ 95 mL/
min. Figure 1 visualizes the AUC of pemetrexed in both 
randomization groups when subdivided. As expected, 
when only looking at the standard of care arm, a statis-
tically significant difference in pemetrexed AUC was 
observed between the creatinine clearance subgroups 
(p = 0.003). This confirms that with decreasing renal func-
tion, exposure increases when dosed on BSA. This was not 
observed for the optimized dosing arm (p = 0.34). Overall, 
a higher percentage of patients in the optimized dosing 
arm attained to the target AUC (37 out of 44 patients) 
when compared to patient in the standard-of-care dosing 
arm based on the creatinine clearance group (33 out of 
37 patients), albeit not statistically significant. Figure 1 
clearly visualizes that for patients with creatinine clear-
ance < 95 mL/min dosed on BSA, a higher median AUC 

and greater variability in exposure were observed com-
pared to patients receiving optimized dose (p = 0.07). 
This trend was not observed for patients with creatinine 
clearance ≥ 95 mL/min.

To justify the pre-term analysis of 81 patients, we cal-
culated the outcomes of a best-case and worst-case sce-
nario. In case of both scenarios (all remaining patients 
in the individualized group (n = 10) on target and all 

remaining patients in the BSA group off target (n = 3) 
or vice versa), no significant difference was observed 
(p = 0.082 and p = 0.083).

Safety

Table 3 shows the number of patients that experienced ≥ 1 
hematological toxicity event. One patient in the optimized 
dosing arm was excluded from this analysis due to incor-
rect (BSA-based) dosing from cycle 2 onward. Overall, 
there were no statistically significant differences between 
groups. Grade II anemia occurred in approximately 40–50% 
of patients. The incidences of grade III/IV hematological 
events were relatively low, ranging from 0 to 15.9%. Treat-
ment delays and dose reductions due to toxicity occurred 
equally in both groups. Reported reasons other than hema-
tological toxicity included hypokalemia, diarrhea, vomiting, 
kidney injury, pericarditis, fatigue, pneumonia, diverticulitis, 
and auto-immune reaction.

Quality of life

In total, 58 patients completed the QLQ-C13 questionnaire 
both at baseline and after 12 weeks of pemetrexed therapy. 
The lung cancer-specific LC13 questionnaire was filled in 
by 54 patients. Within-patient baseline and end of treatment 
scores were not statistically significant different in any of 
the four categories as indicated by the EORTC (functional 
scale, quality of life, symptom scale and the specific lung 
cancer scale). A wide range in change between t = 12 weeks 
and baseline questionnaire was observed with the median 
around zero in both groups. Median changes and ranges are 
presented in Table 4. The change in end of treatment ver-
sus baseline score was not statistically significant different 
between groups.

Discussion

In the era of precision medicine, one should also aim to 
implement precision dosing. In this study, we hypothesized 
that patients would benefit from optimized dosing of pem-
etrexed. We found that an optimized renal function-based 
pemetrexed dosing did not result in higher pharmacokinetic 
target attainment compared to standard of care BSA dosing. 

Table 2   Target attainment (based on total and subgroups of the pop-
ulation) and geometric mean AUC for the BSA group and the renal 
function group in total and in the subgroup analysis

AUCs are presented median with interquartile range. Target attain-
ment was defined as reaching an individual AUC of 123–205 mg × 
h/L

BSA (n = 44) Renal function 
(n = 37)

p value

AUC (mg × h/L)
 Total 159.9 (145.0–176.0) 154.7 (137.6–171.5) 0.436
  ≥ 95 mL/min 154.2 (141.5–163.9) 151.0 (136.8–160.1) 0.908
  < 95 mL/min 176.3 (156.0–196.7) 163.3 (143.6–172.3) 0.073

Target attainment n (%)
 Total 37 (84.1) 33 (89.1) 0.505
  ≥ 95 mL/min 23 (88.5%) 15 (93.8%) 0.571
  < 95 mL/min 14 (77.8%) 18 (85.7%) 0.520
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Moreover, no significant differences were observed with 
regards to safety events and quality of life. With this rand-
omized study, we were the first to prospectively evaluate a 
renal function dosing regimen of pemetrexed.

The target attainment in the optimized dosing group 
(89.1%) was as expected, while in the BSA-based dosing 
group, the target attainment (84.1%) was much higher than 
expected. This is possibly due to the limited number of 
patients in the extremes of the renal function range (cre-
atinine clearance 45–60 or > 125 mL/min), thus resulting 
in a limited variation in exposure. This could also explain 
why we did not find a statistically significant difference in 
target attainment between both groups and only a small vari-
ation in administered dose within the optimized dosing arm. 
In retrospect, as limited variability in renal function was 
observed, questions might rise regarding the power of this 
study. Therefore, it is difficult to draw definitive conclusions. 
Interestingly, there was a significant difference in AUC in 
the subgroup analysis within the BSA-based dosing group 
when stratified on renal function (p = 0.003). This confirms 
the strong influence of renal function on exposure if not 

Fig. 1   Boxplots for the AUC per 
subgroup. The box represents 
the 25th–75th percentiles with 
geometric mean, the whisk-
ers indicate the 2.5th–97.5th 
percentile and the dots visualize 
the outlying observation. The 
target AUC ± its 25% range 
are depicted by the horizontal 
dashed lines. BSA body surface 
area, RF renal function

Table 3   Fraction of patients experiencing at least (≥ 1) toxicity event 
in both groups

Results are presented as n (%)

BSA-based (n = 44) Renal function-
based (n = 36)

p value

Anemia
 Grade 2 22 (50.0%) 14 (38.9%) 0.32
  ≥ Grade 3 1 (2.2%) 4 (11.1%) 0.10

Leukopenia
 Grade 2 3 (6.8%) 2 (5.5%) 0.82
  ≥ Grade 3 0 0 –

Neutropenia
 Grade 2 15 (34.1%) 9 (25.0%) 0.38
  ≥ Grade 3 7 (15.9%) 4 (11.1%) 0.54

Thrombopenia
 Grade 2 3 (6.8%) 0 –
  ≥ Grade 3 1 (2.2%) 1 (2.8%) 0.89

Cycle delay 13 (29.5%) 9 (25.0%) 0.65
Dose reductions 5 (11.4%) 3 (8.3%) 0.65

Table 4   The difference in 
end of treatment versus 
baseline score per subgroup 
of the EORTC-C13 and LC13 
questionnaires

Scores are presented as median (range)

BSA-based (n = 33) Renal function-based 
(n = 25)

p value

Functional scale − 2.2 (− 44 to + 44) − 2.2 (− 27 to + 33) 1.0
Quality of life 0 (− 50 to + 67) − 8.8 (− 58 to + 50) 0.37
Symptom scale 0 (− 39 to + 47) − 1.4 (− 17 to + 22) 0.55
Specific lung cancer scale − 1.4 (− 44 to + 22) − 2.8 (− 19 to + 19) 0.82
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taken into account with dosing. Especially in patients with 
a mild renal impairment (creatinine clearance: 45–60 mL/
min), dosing based on renal function could serve a piv-
otal role in attaining a target systemic exposure. This is 
reflected in the observed exposure within the standard dos-
ing group. Patients with a creatinine clearance < 95 mL/min 
show higher exposure and greater variability compared to 
patients with a creatinine clearance ≥ 95 mL/min (p = 0.07). 
Although this finding was not statistically significant, this 
trend indicates that patients with decreased renal function 
could benefit from this strategy due to a decrease in phar-
macokinetic variability. The limited number of patients in 
the extremes of the renal function range also reflects in the 
low variation in the administered pemetrexed dose in the 
optimized dosing group. Moreover, the median administered 
pemetrexed dose is lower in the optimized dosing group 
(850 mg) compared to the BSA-based group (950 mg). The 
median dose in the optimized dosing group corresponds with 
the calculated doses based on creatinine clearance. Although 
the median dose is lower, target exposure is attained (164 mg 
× h/L ± 25%) and efficacy is thus not compromised.

The large population pharmacokinetic analysis by Latz 
et al. was used as a premise for the individualized dosing 
strategy in this clinical study. In their analysis, they present 
creatinine clearance as a covariate for systemic pemetrexed 
clearance [13]. Nowadays, creatinine clearance is being 
widely substituted by the estimated glomerular filtration rate 
(calculated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation), as this gives a more 
accurate prediction of renal function [17]. We recently stud-
ied the investigation of several renal function markers for 
prediction of pemetrexed clearance. In this analysis, creati-
nine clearance based on the Cockcroft–Gault was confirmed 
as an appropriate predictor of pemetrexed clearance, yet we 
found that using the CKD-EPI resulted in a slightly (statisti-
cally significant, clinically irrelevant) improved prediction: 
the unexplained variability in clearance reduced from 23.3 
to 21% with CKD-EPI versus Cockcroft–Gault [5]. Thus, 
we expect this would not affect the non-significant outcome 
difference in this analysis in patients with adequate renal 
function. This is supported by the results of a simulation 
study on the pharmaco-economic benefits of renal function-
based dosing of pemetrexed. The AUC range obtained in 
the subjects with pemetrexed dose based on CKD-EPI is 
similar to that reported in this study (AUC (median [IQR]) 
158 [136–183] mg × h/L versus 154.7 [137.6–171.5] mg × 
h/L) [18]. Cachexia is often observed in patients with lung 

cancer [19, 20], resulting in seemingly low serum creatinine 
concentrations and thus overestimation of renal function. 
When deploying a renal function-based dosing strategy, this 
could theoretically lead to overdosing and thus increased 
exposure and higher risk for toxicity.

The primary pharmacokinetic driver for pemetrexed 
efficacy has not been extensively studied. Thus, targeting 
the AUC of pemetrexed to maintain efficacy is debatable. 
In the early phase I studies of pemetrexed, several dosing 
regimens were investigated which might offer some clues 
regarding the exposure–response relationship of this drug. 
The maximum tolerated doses for daily and weekly sched-
ules were found to be only 4 mg/m2 and 40 mg/m2, leading 
to hematological toxicity without efficacy. On the contrary, 
3-weekly dosing of 600 mg/m2 was shown to be an effective 
strategy [21–23]. This indicates that efficacy and toxicity of 
pemetrexed are driven by different pharmacokinetic param-
eters. For methotrexate, another folate antimetabolite, it has 
been found that anti-tumor efficacy in lymphoma is driven 
by its AUC, while toxicity was related to the time-above-
threshold concentration. Recently, we found that the hema-
tological toxicity of pemetrexed, in particular neutropenia, 
is also more likely to be time-above-threshold-driven instead 
of total exposure [24]. In an earlier study, an effective target 
AUC of 164 mg × h/L for pemetrexed was proposed. This 
could indicate that an AUC-based dosing could optimize the 
efficacy of therapy, while the threshold concentrations dur-
ing therapy should be monitored to prevent major toxicities. 
However, this is particularly relevant in patients with renal 
impairment. In patients with adequate renal function, AUC 
and time-above-threshold are closely related, in contrast to 
patients with renal impairment [24]. Our results indeed show 
no statistical significant differences in hematological toxici-
ties between both dosing arms, underlining this hypothesis.

In our study, pemetrexed was often administered in a dou-
blet- or triple-drug regimen, concomitantly with a platinum-
based cytostatic agent (and pembrolizumab). Since there 
is an overlap in toxicity profiles of these drugs, the sole 
toxicological effect of pemetrexed could not be established. 
However, concomitant administration is standard care for the 
treatment of NSCLC, the observed incidences of toxicities 
might be more representable for the clinical practice.

For methotrexate, limited data are available regarding the 
effect of renal function on its pharmacokinetics. In adults, 
only one retrospective study has evaluated this effect and 
observed a negative correlation between the methotrexate 
plasma concentration and the estimated renal function [25]. 
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This would rationalize the investigation of renal function-
based dosing for this drug. However, methotrexate within 
oncology is given at doses that could be lethal without sup-
portive measures (such as hydration and administration of 
folinic acid), obviating the need for optimized dosing based 
on renal function to overcome toxicity.

From a patient’s perspective, quality of life is a valuable 
study endpoint. It is rather difficult to assess quality of life in 
relatively small patient groups (n = 44 and 37, respectively 
in our study). For pemetrexed as a single agent, two studies 
reported that quality of life during pemetrexed maintenance 
therapy was similar to placebo [26, 27]. The scores at base-
line and 12 weeks are comparable to our findings. Qual-
ity of life can be negatively influenced by factors such as 
progression of disease (non-responders) or severe treatment 
toxicity. However, in case of partial or complete response 
to treatment without toxicity, quality of life can improve. 
Moreover, our relatively small patient groups are heteroge-
neous in terms of diagnosis, disease stage, treatment modal-
ity and treatment line. This is reflected in the wide range in 
differences between baseline and end of treatment for both 
groups we observed.

In conclusion, with the results of our study, we could not 
support the superiority of renal function-based dosing of 
pemetrexed in patients with adequate renal function. Further 
research in patients with moderate renal function is needed 
to explore possible benefits in this specific patient group.
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